Abstract Newton's Law of Gravitation has been tested at small values a of the acceleration, down to a ≈ 10 −10 m s −2 , the approximate value of MOND's constant a 0 . Within experimental errors no deviations from Newton's Law were found. A comparison with six versions of the MOND interpolation function is given. Under the assumptions made in this paper one of the versions can be excluded.
Introduction
The nature of dark matter is one of the central questions in astrophysics at present. Introduced originally to explain the dynamics of galaxies, dark matter has found an established place in the Cosmological Model. Still, many questions and difficulties 
Here, a is the acceleration according to MOND, a N is the Newtonian acceleration a N = Gm/r 2 , and a 0 = 1.2×10 −10 m s −2 is assumed to be a universal constant [1, 3] . The interpolation function μ(a/a 0 ) is μ → 1 for a a 0 , recovering Newton's Law, and μ → a/a 0 for a a 0 . Apart from these asymptotic values the interpolation function is not determined by the theory, but has to be constrained by data. A relativistic formulation incorporating the MOND theory has been developed by Bekenstein [4] .
MOND has so far passed many astronomical tests [1, 3] . Apart from modifying Newton's Law, MOND could also be interpreted as a violation of Newton's second axiom F = ma [5] , irrespective of the nature of the force F. This latter aspect has been experimentally checked, using electromagnetic restoring forces, and Newton's axiom verified down to accelerations of 3 × 10 −11 m s −2 [6] and 5 × 10 −14 m s −2 [7] . Therefore, a possible modification according to MOND must rest with the gravitational force alone. An experiment relying only on the gravitational force, also for the restoring force, may therefore yield a more stringent test. This experiment is designed to test Newton's Law at accelerations of the order a 0 , using only gravitational forces.
An experiment with a similar method [8] has given a very precise measurement of Newton's constant, but using accelerations exceeding a 0 by more than two orders of magnitude. It is therefore not sensitive to deviations from gravity according to MOND.
It has been argued, that such a laboratory test as presented here is not meaningful in the strong gravitational field of the earth, but, due to a lack of a deeper understanding of MOND, this view is not shared by everybody (see e.g. [3] ).
It has also been pointed out, that a test of MOND may only be possible in a system, whose acceleration with respect to the center of the Galaxy is smaller than a 0 [9, 10] . In this approach, it is assumed that Newton's second axiom is violated. Under this assumption the present experiment would not detect a deviation from standard gravitation.
Proposals for the ultimate test of MOND would require very accurate measurements of gravity at a saddle point of the earth-moon-sun system with the LISA pathfinder [11] or at a saddle point of the sun-Jupiter system [12] .
Experimental procedure
A schematic view of the experiment is shown in Fig. 1 . The central part of the experiment is a microwave resonator, tuned to a frequency of about 21.3905 GHz. The resonator consists of two mirrors with spherical surfaces, suspended by tungsten wires of about 3 m length, resulting in a pendulum period of 3.289 ± 0.010 s. Their motion is damped by a set of permanent magnets, forming an eddy current brake. This part of the detector sits in an evacuated vessel. Two field-masses are positioned outside the vacuum vessel on either side of the resonator, and are periodically and simulta-
